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, and transferrin receptor-1 (Tfr1) mRNA levels as quantified by real-time polymerase chain reaction (ABI 7900, Applied Biosystems) from livers dissected and snap-frozen immediately after sacrifice. Hypoxanthine phosphoribosyltransferase 1 (Hprt1) was used to normalize mRNA levels. (C) Serum transferrin saturation (only in 8-week-old animals) calculated as a ratio of serum iron and total iron binding capacity (Randox Laboratories Ltd). Seven to 9 mice for genotype were analyzed. All the animals were maintained in the animal facility of San Raffaele Scientific Institute (Italy) in accordance with the European Union Guidelines. Figure 1A ) and higher hepcidin and Id1 levels compared with wild-type ( Figure 1B) . Adult Tmprss6 ϩ/Ϫ mice have Hb and RBC similar to wild-type but reduced MCV, as reported. 1 Transferrin saturation, which shows a trend toward reduction in 8-week-old animals in the previous study, 1 is significantly reduced in our study. Tmprss6 ϩ/Ϫ mice of this age show mildly elevated Id1 and hepcidin production, inappropriately high for their low levels of transferrin saturation (Figure 1B-C) . C-reactive protein mRNA levels are similar in Tmprss6 ϩ/Ϫ and wild-type mice (data not shown), ruling out a potential contribution of inflammation to hepcidin expression. In agreement with the observation of a more severe anemia in young versus adult patients in a large iron-refractory iron deficiency anemia (IRIDA) pedigree, 6 our results show that young Tmprss6 ϩ/Ϫ mice, which have increased iron demands, are indeed more iron-deficient than adult mice.
Female mice at 18.5 gestational days that have high iron demands, have lower liver iron concentration (LIC) than wild-type, even if hematologic parameters are similar. 1 To assess the effect of iron restriction, we fed 4-week-old animals of both genotypes with normal or iron-deficient diet for 4 weeks. The iron-deficient diet induced a more pronounced decrease of transferrin saturation in Tmprss6 ϩ/Ϫ than in wild-type mice ( Figure 1C ) and a trend toward a more severe microcytic anemia, although the difference reached statistical significance only for MCV ( Figure 1A) . However, as in pregnant mice, 1 Hamp was strongly down-regulated in both genotypes ( Figure 1B) , suggesting that iron deficiency overrides the SMAD pathway activation observed in Tmprss6-haploinsufficient mice.
We have not measured LIC that was found decreased in 8-week-old Tmprss6 ϩ/Ϫ mice. 1 However, transferrin receptor 1 (TfR1) mRNA, a LIC indirect measure, is significantly increased only in adult Tmprss6 ϩ/Ϫ mice fed a standard diet ( Figure 1B) . Likely high basal TfR1 mRNA levels in young wild-type mice that have high iron requests and in adult wild-type animals on an iron-deficient diet blunt the difference with Tmprss6 ϩ/Ϫ .
In conclusion, systemic iron homeostasis is mildly compromised in Tmprss6-haploinsufficient mice, which are prone to iron deficiency when iron demands are high for body growth and erythropoiesis expansion or when dietary iron is restricted. In humans, genomewide association studies show that common TMPRSS6 variants influence iron parameters, Hb, and erythrocyte traits. [7] [8] [9] [10] All these findings suggest that susceptibility to iron deficiency may be modulated by TMPRSS6 mutations even at the heterozygous state. 
